High-dose chemotherapy with autologous and allogeneic blood stem cell transplantation has become a standard therapy for hematological malignancies and solid tumors. To ensure quality of treatment and adherence to internationally approved protocols, the use of computer systems has been introduced in some oncology centers. Most software packages cannot be used automatically by other institutions because of different treatment strategies and medications. To overcome this problem, we designed a software system based on an Oracle database, which allows the user to develop his own therapy blocks and assemble them to generate specific therapy plans. The system supports the daily work of the physicians by suggesting medications based on changes in the vital parameters or the clinical chemistry. Parameters can be given upper and lower limits whose surpassing leads to treatment suggestions by the system. All quantitative variables may be depicted in a graphical way. The system is connected to external laboratory devices. Export of data to international registries is possible. Until now, 43 patients have been transplanted with the help of this system. There is a high degree of acceptance among the nursing staff and the physicians. The system can be transferred to other centers, if the local hardware and network capacities meet the minimal requirements. Keywords: quality control; computer-based; therapy plan; database The increasing need for quality control and surveillance in the field of medicine has brought about numerous software developments in order to support the daily work of physicians and nursing staff. The so-called electronic patient data management systems have been integrated into intensive care units or anaesthesiology departments.
The increasing need for quality control and surveillance in the field of medicine has brought about numerous software developments in order to support the daily work of physicians and nursing staff. The so-called electronic patient data management systems have been integrated into intensive care units or anaesthesiology departments.
1,2 These systems were mainly were designed to document the large number of parameters technical devices supply in these areas.
In many cases, the discrepancy between structured databases and the complexity of illness and individual treatment have hampered the introduction of these systems into clinical routine. It is because of these problems and the negative image of computerized medicine in most minds, that commercial software programs have not made their way beyond the administrative departments of most hospitals.
High-dose chemotherapy is an evolving curative therapeutic option for patients with solid tumors or hematological malignancies. 3, 4 Since chemotherapeutic agents are given in sublethal doses to ensure allogeneic and autologous engraftment, there is a need for control of dosages and the schedule of administration. In many cases specific antidotes or supportive care measurements have to be applied to ensure the individual patient's safety.
The therapy has to be planned over a period of up to 3 months, according to the applied protocol. It must include all phases of blood stem transplantation: conditioning therapy, GVHD prophylaxis, antimicrobial prophylaxis and supportive care. All these parts can be assembled out of a central data list including all medications, orders and other components. Even empiric antibiotic intervention can be predesigned and added to the individual therapy plan.
Because of these facts and the fixed structure of most treatments, the implementation of a computer-based control system in high-dose chemotherapy is reasonable.
We describe a new software design based on a conventional database system, which has been introduced at our institution. From November 1996 to June 1997, 43 patients have been transplanted successfully with the help of the program.
Patients and methods

Hardware components
All 21 personal computers (Siemens, Nixdorf, Germany) in the department of hematology are supplied with 133 MHz Pentium processors, 32 MB system memory and a one gigabyte hard disk-drive. The file-server station works with a 200 MHz Pentium processor and 128 MB system memory. The database server (RM 300, Siemens) is a dual processor machine with 128 MB RAM which runs under SINIX 5.41.
Software description
Oracle Forms was used to implement the software system. All network applications in the transplantation unit as well as the new software are compatible to Windows NT 4.0. This allows the user-interface to be designed like other software systems, where most steps can be activated by mouse-click or short-cut.
The database installed on the server is Oracle Version 7.3.
All users are given individual passwords to start the software. The level of access is regulated according to the individual status: the nursing staff can only read or confirm orders and prescriptions, the physicians are allowed to allocate a patient to a specific protocol and to edit the daily plans. Only a few members of the unit, eg the head of department, have access to the central list of all items and protocols to guarantee the consistency of medications and treatment strategies. The level of access can be assigned when a new user is introduced and may be changed afterwards.
The essential part of the system is a list of all medications, vital and laboratory parameters, actions of the nursing staff and other important items. Most parameters have to be given exact descriptions and units and can be allocated to the place and the persons they concern. Qualitative variables which allow documentation of parameters such as the clinical examination in a reproducible fashion can be introduced. All variables can be given upper or lower limits. Surpassing of these limits, as well as the confirmation of distinct qualitative states may be connected to consequent medications, actions or warnings. Side-effects of all drugs can be integrated and combined with special prophylaxis. If incompatible drugs may harm the patient, the system gives warnings to the treating physician.
Parameters may be summarized to obtain groups of items which always have to be applied in one context. This central data list can be generated by different institutions to meet their individual requirements.
The parameters stored in that list have to be put together to design individual therapy plans. In most cases different parts of one therapy plan, such as conditioning therapy, GVHD prophylaxis and supportive care are constructed separately and can be combined. The standard therapy plans are stored in numerical order. Every patient admitted to the transplantation unit is included in the database either by manual input or by a electronic chip-card reader. Each patient can be put on a specific treatment protocol. The dosage of chemotherapeutic agents and immunosuppressive drugs are calculated by the software according to the individual patient's weight or body surface area. The therapy plan contains information on the dosage of all medications and infusions, the day and time of administration and the schedule of control of vital parameters (Figure 1) .
The therapy plan results in the edition of so called 'Day plans' which are assembled out of the central treatment plan. Most of the daily prescriptions are generated electronically according to the protocol the patient is on. If necessary, prescriptions can be added manually. Each day the physician in charge has to activate a plan for all patients. A print-out of this 'Day plan' has to be signed by a physician.
The physician's electronic confirmation results in a 'Todo list' for the nursing staff and the physicians of the unit. On this list the staff has to confirm the orders of the physician by mouse-click or manual input of quantitative variables. The system supports the calculation of fluid balances and allows a graphical survey of all parameters. Figure 2 shows the course of body temperature, heart rate, central venous pressure and blood pressure over 1 week for a selected patient. The time-frame of interest can be changed to a daily or monthly view. In addition to these standard graphs, the medication of a patient can be depicted in an overview. If needed, every quantitative parameter can be selected and transfered into a graph.
One possible expansion of the calculations is the integration of an automated 'fluid-manager', which is able to regulate the flow of infusion pumps and perfusion devices in a computerized fashion. This device is about to be installed in the near future.
Warnings and important messages are summarized in a separate 'To-do list' for the physicians. On-line links to laboratory devices provide the results of blood counts and clinical chemistry as soon as possible.
By the time of demission the system is able to generate a letter of discharge by transmission of all important parameters into a Word for Windows format.
Patients
Since the introduction of the system, 43 patients have been treated with automatically edited therapy plans, exclusively. Nine patients underwent allogeneic transplantation of blood stem cells from HLA-matched siblings. In eight patients grafts from unrelated or HLA-mismatched donors were transfused. The treatment plans of these patients consisted of conditioning therapy, GVHD prophylaxis and supportive care. The diseases among the group of the 17 allogeneic recipients were chronic (n = 8) and acute (n = 5) myelogenous leukemia, multiple myeloma (n = 2) paroxysmal nocturnal hemoglobinuria (n = 1) and myelodysplasia (n = 1).
The remaining 26 patients were reconstituted wíth autologous blood stem cells or bone marrow after intensive chemotherapy or chemoradiotherapy. The treatment protocols edited by the computer system contained conditioning therapy, growth-factor supply and supportive care. Most patients receiving autografts had solid tumors (breast cancer n = 9, carcinoma of the testis n = 3, ovarian cancer n = 1), lymphoma (Hodgkin's disease n = 5, non-Hodgkin's lymphoma n = 6), multiple myeloma (n = 1) and acute myelogeneous leukemia (n = 1).
Results
The median stay of the patients at the bone marrow transplantation unit was 27 days (range 19-62). During this period the system was able to edit all treatment plans and document all nursing staff actions. There have been no overt malfunctions or overdosages of drugs. In the allogeneic patients, the integration of recipient and donor data is helpful as a reminder of blood group changes and cytomegalovirus serology.
The limits of some parameters turned out to be useful in the daily routine, whereas some parameters had to be changed or taken out of the therapy plans. All changes or additions could be implemented with ease. New drugs could be added without delay of the treatment course.
Patient charts have to be stored for several years and data tapes or disks are not yet accepted in most cases. For this reason we established a print-out of all day plans, vital parameters (heart rate, body temperature and blood pressure) and nursing staff documentation every 24 h.
After a few months the physicians became used to the interface and began to estimate the overview one can get for each parameter. Since significant increase of body weight is a possible sign of serious liver disease, the software warns the user whenever the actual body weight surpasses the initial weight by more than 5%. This feature turned out to be a useful aid in the control of the patient's status. The same is true for fluid balances, which the system calculates every 6 h, after receiving input of infusion volume, urine, stool and other excretions.
Since the introduction of the software package, all letters of discharge have been prepared by the system. The document had to be further edited by the user. Even though the initial format has to be optimized in the future, the advantages of standardized letters over hand-typed reports from the physicians' dictaphones are apparent.
The acceptance among the nursing staff is high. They appreciate the new form of documentation without timeconsuming writing or plotting of patient charts.
Discussion
We think of the system described above as a further improvement of quality control in the field of bone marrow transplantation and high-dose treatment of malignancies.
The need for quality control has become a major topic in clinical oncology during the past few years. Adherence to internationally validated treatment protocols is important to compare results with those of other centers and to include patients in controlled study protocols. The new software system at our institution guarantees a reproducible treatment course whenever a patient is put on a specific protocol. Similar approaches have been published in the literature to support standard treatment protocols in oncology. 5 It seems difficult to expand these software packages to the complex therapeutic strategies of allogeneic blood stem cell transplantation. Until now, most systems have focused on the support and guidance of the physician's decisions by computer databases. 6, 7 Other efforts have been undertaken to prevent adverse events by implementing automated information systems or to improve the safety of transfusion procedures by computerized patient identification. 8, 9 Patient data management systems were designed for intensive care units to monitor the large amount of digital information which is generated in these areas.
1,2 Nevertheless, they do not allow the physician to edit long-term therapy plans, since the condition of the individual patient is prone to sudden changes in these units.
The software and database at our institution were designed to support the whole process of therapeutic decisions, nursing staff actions and interactions between patient parameters and the progress of treatment. It enables the user to combine standard treatment protocols with the individual parameters of every patient. The on-line linkage to laboratory devices in the hematology department and other institutions can be established with standard interfaces despite the differing structures of all data sources. 10 To our knowledge, there are no reports on software systems designed in cooperation with physicians to meet the requirements of blood stem cell transplantation. Most of the commercial software packages do not allow the user to adjust the functions and algorithms to their own protocols.
Before the implementation of the computer system the most intriguing question had been the acceptance among the nursing staff and physicians. Non-acceptance of purchased software packages had led to their failure at some other institutions. Since the design on the screen is supposed to be an important factor 11 we tried to adhere to the Windows system and the 'mouse-click' strategy. The flexibility of the software design allows changes in appearance even after the system has been introduced.
The treatment of patients in the transplantation unit has become more standardized during the last months without deteriorating personal contact between staff and patients, which is one argument of opponents of computer systems in the field of oncology. We hope the time saved by the structured system will be used to intensify contact with patients.
Future plans are to optimize the accessibility to graphic overviews which will be edited constantly and transferred into other software applications. Visualisation of patient parameters over the time of stay enhances the quality of treatment and may lead to earlier therapeutic intervention. 12 Since high-dose therapy and bone marrow transplantation are very specialised treatment strategies, every patient should be reported to international registries (EBMTR, IBMTR). The database is prepared to export patient data to external programs and to those registries via e-mail.
Despite the requirement for safety regulations to protect the patient data contained in our network, linkage to the internet may be useful in the near future. During the last years, the medical world has started to use the internet for distribution of protocols of clinical trials and for study registration. 13 The new software (KMT-Info System, Dresden, Germany) is available free to all institutions interested in the field of blood stem cell transplantation. Our first experiences are encouraging and the introduction of the software into out-patient care and other units is planned.
